
Project Introduction

The project will research and develop high-performance motion planners for
dynamic tensegrity structures, which can be used as robotic mobility and
manipulation platforms for space exploration purposes. Tensegrity is an
exciting principle for developing impact tolerant and lightweight planetary
rovers, which can achieve arbitrary forms and locomotion gaits. They can
effectively adapt to highly unstructured environments, such as the uneven
terrains of planetary bodies, and result in more affordable missions due to the
reduced payload. Despite their benefits, controlling tensegrity robots with
traditional control methods is challenging due to high-dimensionality,
dependence on non-linear dynamics and significant uncertainty. As a result,
most existing solutions limit the reasoning of the underlying dynamics and
provide only quasi-static paths. This project aims to provide new algorithmic,
mathematical and software tools that overcome this challenge and provide
dynamically feasible trajectories for purposeful long-term navigation of
tensegrity robots in uneven terrain . The focus is on advancing the state-of-
the-art when planning in belief space for high-dimensional robots with
significant dynamics, especially when these dynamics arise from the presence
of soft contacts between a tensegrity structure and a highly unstructured,
uneven terrain. The objective is for computational efficiency as well as a way
to formally argue about the robustness of the computed trajectories. The
solutions will be evaluated first in physics-based simulation and then on real
tensegrity platforms that are of interest to NASA.

Anticipated Benefits

Tensegrity is an exciting principle for developing impact tolerant and
lightweight planetary rovers, which can achieve arbitrary forms and
locomotion gaits. They can effectively adapt to highly unstructured
environments, such as the uneven terrains of planetary bodies, and result in
more affordable missions due to the reduced payload. Despite their benefits,
controlling tensegrity robots with traditional control methods is challenging
due to high-dimensionality, dependence on non-linear dynamics and
significant uncertainty. As a result, most existing solutions limit the reasoning
of the underlying dynamics and provide only quasi-static paths. This project
aims to provide new algorithmic, mathematical and software tools that
overcome this challenge and provide dynamically feasible trajectories for
purposeful long-term navigation of tensegrity robots in uneven terrain.
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Primary U.S. Work Locations and Key Partners

Organizations
Performing
Work

Role Type Location

Rutgers
University-
New
Brunswick

Lead
Organization

Academia
Asian American Native
American Pacific Islander
(AANAPISI), Hispanic
Serving Institutions (HSI)

New
Brunswick,
New
Jersey

Primary U.S. Work Locations

New Jersey

Project Website:

https://www.nasa.gov/directorates/spacetech/home/index.html

Organizational
Responsibility
Responsible Mission
Directorate:

Space Technology Mission
Directorate
(STMD)

Lead Organization:

Rutgers University-New
Brunswick

Responsible Program:

Space Technology Research
Grants

Project Management
Program Director:

Claudia M Meyer

Program Manager:

Hung D Nguyen

Principal Investigator:

Kostas Bekris

Technology Maturity
(TRL)

Applied
Research Development Demo & Test
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Technology Areas
Primary:

TX04 Robotic Systems
TX04.1 Sensing and
Perception

TX04.1.3 Onboard
Mapping and Data
Analysis

Target Destinations
Mars, Others Inside the Solar
System
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